We studied the localization of T-cells and HLA-DR antigenbearing (DR+) cells in rheumatoid synovitis by employing an improved two-color immunofluorescent staining (TCIF) technique. With this technique we have successfully identified
Introduction
It has been well documented that T-cells play important roles in immune responses. The first step of T-cell-mediated immune responses is activation of T-cells by antigen-presenting cells (APC) (8) . After activation, T-cells express activation-associated molecules such as MHC Class I1 antigens and IC2 receptors (17) . Activated T-cells then produce lymphokines and exert their own effector functions, which ultimately modulate immune and inflammatory responses (4,8,17).
Chronic inflammation is histologically characterized by an infiltration of T-cells and macrophages (8) . Therefore, T-cells, particularly activated T-cells, are postulated to play a key role in the development of chronic inflammatory lesions. A large amount of information on the immunologic functions of T-cells has been obtained from in vitro studies (8, 17) . However, the nature of T-cell activation mechanisms and the role of activated T-cells in the histo-Supported in part by Scientific Research Funds from the Ministry of Education, Science, and Culture ofJapan, and by grants from the Research Committees of the Ministry of Health and Welfare of Japan and from the Uehara Memorial Foundation.
Correspondence to: Junpei Itoh, DVM, Pathology Section, Laboratory of Biology, Research Laboratories, Nippon Kayaku Co., Ltd. . 31-12, Shim0 3-chome, Kita-ku, Tokyo 115, Japan. des, within lymphoid follicles, and in hyperplastic synovial lining, suggesting their involvement in the development of rheumatoid synovial lesions via interaction with synovial DR' APC lineage cells. These findings may contribute to better understanding of the role of activated T-cells in the histogenesis of rheumatoid synovitis, a typical chronic inflammatory lesion. (/Hisrochem Cytochem 40:1675-1683,1992) KEY WORDS: Two-color immunofluorescent staining; Activated T-cells; Chronic inflammation; Rheumatoid synovitis. genesis of chronic inflammatory lesions are not well understood.
To understand the role of T-cells in the histogenesis of chronic inflammation, interactions between T-cells and other cell types of the immune system must be investigated in situ. For this purpose, the distribution of T-cells and other cell types in a chronic inflammatory lesion should be observed simultaneously on the same section.
Rheumatoid synovitis is considered to be a typical chronic inflammation, histopathologically categorized as "a disease of T-lymphocytelmacrophage immunoregulation" (9,14). The morphological and immunohistochemical characteristics of specific cell types in the synovial tissue are well documented (9, 11, 26) . Therefore, rheumatoid synovitis can provide a better model to investigate the interaction between T-cells and other cell types in chronic inflammatory lesions. In the present study we analyzed the distribution of T-cells and HLA-DR-bearing (DR+) cells in rheumatoid synovium by employing an improved method of two-color immunofluorescent staining (TCIF). On the basis of the histological findings obtained, the roles of activated T-cells and APC-lineage cells in histogenesis of chronic inflammatory lesions will be discussed.
Materials and Methods
Tissue Samples. Synovial tissues were obtained during reconstructive knee surgery from patients with clinically definite rheumatoid arthritis (RA) that satisfied the criteria of the American Rheumatism Association (1) . Specimens were embedded in OCT compound (Miles Laboratories; Elkhart, IN), snap-frozen in acetone-dry ice, and stored at -80°C until use. For immunoelectron microscopy, a part of the tissues was fixed in periodate-lysine-paraformaldehyde (PLP) solution at 4°C for 6 hr, processed through increasing concentrations of sucrose as described elsewhere (22, 29) , and embedded in OCT compound.
Preparation of Tissue Sections. Tissue specimens were sectioned at 4-5 pm thickness by a cryomicrotome (5030 MICROTOME; Bright Instrument; Huntingdon, UK), and mounted on poly-~-lysine-coated slides (Muto-Glass; Tokyo, Japan). Frozen sections were then fixed in 100% acetone at 4°C for 15 min and air-dried. Sections were stored in a sealed box at -80°C until use. Some sections were fixed in absolute methanol instead of acetone and were stained with hematoxylin and eosin for conventional light microscopic observations.
Antibodies. The antibodies used in this study are listed in Table 1. TCIF Procedure. Only the specimens that were histopathologically diagnosed as typical rheumatoid synovitis were used for K I F examination (details given in Results). Fifteen selected tissue samples from five RA patients (three tissue samples from each patient) were examined. TCIF was performed by a combination of the avidin-biotin and direct immunofluorescence staining methods as follows (28, 30) .
Step 1. Stored sections were warmed to room temperature (RT) with
Step 2. Sections were washed three times in PBS at 4'C for 10 min.
Step 3. To avoid nonspecific background staining, sections were incubated with PBS containing 20% normal horse serum at RT for 30 min. Step 4. After washing three times in PBS at 4'C for 10 min, sections were incubated with a monoclonal antibody (anU-CD 3 or anti-CD 22) at RT for 60 min.
Step 5. After washing three times in PBS at 4'C for 20 min, sections were incubated with a biotinylated anti-mouse IgG at RT for 30 min. Step 6. After washing three times in PBS at 4% for 20 min, sections were reacted with FITC-conjugated avidin at RT for 30 min. Step 7. After washing three times in PBS at 4'C for 20 min, PBS containing 20% normal mouse serum was applied on the sections at RT for 60 min to block the remaining binding capacity of anti-mouse IgG antibody on the sections. Step 8. After washing three times in PBS at 4°C for 10 min, sections were incubated with phycoerythrin (PE)-conjugated anti-HLA-DR at 4'C for 4 hr. Step 9. After washing three times in PBS at 4'C for 20 min, coverglasses were mounted on the slide with glycerol-PBS (9:l).
an electric fan.
The control sections were stained as follows: (a) normal (unimmunized) mouse serum was used instead of anti-CD 3, anti-CD 22, or PE-conjugated anti-HLA-DR; (b) anti-CD 3, anti-CD 22, or PE-conjugated anti-HLA-DR was omitted; or (c) PBS was used in place of biotinylated anti-mouse IgG.
For two-color staining, especially to obtain clear yellow staining, sufficient washing and optimal dilution of the antibodies were important. Washing in PBS was performed under gentle vibration. In steps 5 , 6, 7, and 9 above, washing for more than 20 min was essential to minimize the background staining. To get clear yellow staining in double-exposed photomicrographs, it was very important to equalize the intensities of green (FITC) and red (PE) fluorescence. Therefore, optimal dilutions of the antibodies were determined in separate experiments, and are shown in Table 1 . All reagents were diluted with PBS containing 2% normal human serum except for avidin-FITC, which was diluted with PBS only. Aggregated antibody molecules and contaminations were removed by filtration through a Millipore filter (pore size 0.45 pm) (Nihon Millipore; Yonezawa, Japan).
Microscopy and Photographs. The specimens were examined under an Axioplan Fluorescent Microscope System (Zeiss; Oberkochen, Germany) with No. 10 filter set for FITC and No. 15 filter set for PE. Double-exposed photomicrographs were taken on Kodak Ektachrome 400 films. With doubleexposed photographs, the number of CD 3-positive (CD 3' ) cells (green staining) and that of HLA-DR and CD 3 double-positive (DR'/CD 3+) cells 
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T-cells was calculated (see Results and

Results
Histopathology of Sy noviaf Specimens Vkd synovial used in this study showed a rypical llchronic active synovitis" (Figure 1 
Distri&ution of T-cells and DR' Cells in Interfollicular Stroma
In interfollicular stroma, DR' cells were distributed rather evenly.
with some areas of dense aggregation (Figure 2A ). Most of the cells strongly positive for HLA-DR had abundant cytoplasm and a few dendrites with long processes (Figure 2A. arrows) . In double-exposed photomicrographs for simultaneous identification of DR' cells and T-cells, CD 3* T-cells sometimes showed a tendency to form small aggregates in the interfollicular stroma ( Figure 2B ). CD 22* B-lymphocytes were not found in these small aggregates of lymphocytes (data not shown). These aggregates of T-cells were most commonly associated with the small aggregates of strongly DR', largelirregular-shaped cells. Apparent yellow staining in double-exposed photomicrographs seemed to localize around the processes of largelirregular-shapd cells ( Figure 2B, arrow) , where CD 3+ T-cells were probably in contact with DR* largclimgular-shaped cells. Howmer. ring-shaped yellow staining was also observed ( Figure 2B , arrowhead). suggesting that T-cells also expressed HLA-DR antigen. The expression of HLA-DR antigen on CD 3' T-cells was fur-ther confirmed by immunoelectron microscopy. To ensure that the aggregates of lymphocytes examined consisted only of T-cells. a small mass of CD 3. cells was first identified by anti-CD 3 staining of the tissue section and confirmed to be free of CD 22' B-lymphocytes. Then. using an adjacent section stained with anti-HLA-DR, the identical aggregate was m i n e d by immunoelectron microscopy. Interestingly, T-cells showed partial and patchy staining of HLA-DR on their surfaces (Figure 3 ). These DR' T-cells were most frequently observed in contact with DR' largelimgular-shaped cells. Similar findings of partial and patchy staining of HLA-DR on T-cells have been reported (11). Most of the CD 3* cells in the interfollicular stroma, except for cells in the close vicinity of DR' largelirregular-shaped cells, were negative for HLA-DR. When the numbers of DR' cells among the interfollicular CD 3' cells were counted, only a few percent of CD 3+ cells expressed HLA-DR ( Table 2) .
Distri&ution of T-cells and DR' Cells Around Blood VeJJels of Superficial and Deep Interstittb
Blood vcssels in the superficial interstitium beneath the synovial lining were often dilated and had flat endothelia that were negatiw or weakly positive for HLA-DR ( Figures IC and 2C) . CD 3* T-cells were seen surrounding these blood vcssels that were morphologically characterized as dilated venules (DV). Apparent pl- I I low staining was rarely observed around the blood vessels in this area. On the other hand, some blood vessels of the deeper stroma had high columnar endothelial cells that were strongly positive for HLA-DR ( Figures 1B and 2D) . These vessels were morphologically identical to high endothelial venules (HEV) as previously reported (12J3). DR+ cells with abundant cytoplasm and irregular morphology were present in dense aggregates surrounding HEV, in contrast to the sparse distribution of DR+ cells around DV (compare Figures 2C and 2D) . CD 3' T-cells were also located as aggregates around HEV ( Figure 2D) . Again, apparent yellow staining was most commonly observed along the processes of largelirregular-shaped cells (Figure ZD, arrows) . However, ring-shaped yellow fluorescence of round lymphoid cells with scanty cytoplasm was also observed ( Figure 2D, arrowheads) .
The numbers of DR' and CD 3+ cells located within a radius of 100 pm from the center of the vascular lumen were counted for 27 HEV and DV. The ratio of DR+ cells among T-cells was higher around HEV than around DV ( Table 2) .
Two-color Immunofluorescence Analysis of the Distribution of Tand B-lymphocytes and DR' Cells in LF
In SF (Figures 4A and 4B ) and PF ( Figure 4C ), the distribution of T-and B-lymphocytes and DR' cells was essentially the same as described for other inflammatory synovial tissues and lymphoid organs (19, 20, 23) . DR+lCD 3+ T-cells were less frequently observed in PF, whereas an increased number of DR'lCD 3+ T-cells was found in SF ( Table 2) .
Distribution of T-Cells and DR' Cells in Hyperplastic Synovial Lining
Hyperplastic synovial cells were strongly positive for HLA-DR, as described elsewhere ( Figure 4D ) (11.16). Many CD 3+ cells were present in the synovial lining that showed severe hyperplasia ( Figure  4D ). However, CD 3' cell infiltration was not evident when the hyperplastic changes of the lining were mild ( Figure 4C ).
Since the hyperplastic changes of the synovial lining varied from one area to another in the same specimen, each area of hyperplastic lining was divided into a mild (G4) or a severe (25) group depending on the number of cell layers. The ratio of DR+ cells among T-cells infiltrating into the lining was higher in the lesions with severe hyperplasia than in mild lesions ( Table 2 ).
Discussion
Immunohistochemical techniques using monoclonal antibodies have contributed to better understanding of the nature of cells ob-served in inflammatory lesions. Monoclonal antibodies have been particularly useful for morphological identification of infiltrating inflammatory cells. Infiltrating cell components and their tissue distribution have been well documented in various inflammatory lesions, as described elsewhere (27) . However, to understand the biological and immunological roles of these inflammatory cells in the histogenesis of the inflammatory lesions, the interactions between different populations of immune cells must be analyzed in situ. The advantage of TCIF is its ability to demonstrate a spatial relationship between different cell populations within the same specimen, in addition to its ability to identify two different antigens on the same cells.
The most interesting finding obtained with K I F in this study is the presence of HLA-DR-expressing T-cells in contact with largelirregular-shaped DR+ cells (Figures 2 and 3) . The expression of MHC Class I1 antigens on the surface has been associated with activation of T-cells both in vivo and in vitro (17, 18, 25) . On the other hand, the DR' largelirregular-shaped cells in the synovium are morphologically considered to be macrophages or dendritic celllineage cells (11, 24) . These cells are known to function as APC (8) . DR+ activated T-cells were also found in contact with B-lymphocytes and synovial cells (Figure 4 ), which are also considered to exhibit an antigen-presenting property (16.17) . Therefore, the morphological findings obtained in this study suggest that activation of T-cells to express HLA-DR antigen occurs when T-cells are in contact with DR+ APC.
Lymphocyte migration from blood vessels to the interstitium is thought to be an essential element in inflammatory reactions, including rheumatoid synovitis (3, 5) . To maintain chronic inflammatory responses, recruitment of inflammatory cells from the circulation to the inflammatory focus is required. In particular, the presence of specific structural and cellular components that control the recruitment of inflammatory cells must be essential. Taking these into account, we have focused on T-cell infiltrates located around blood vessels and have found that a greater number of activated T-cells is present around HEV ( Figure 2D ). A specific recognition mechanism between circulating lymphocytes and synovial HEV may be required for the migration of lymphocytes to inflammatory synovial tissues (12J3). In addition, many DR+ largelirregular-shaped cells were seen around HEV, but much less frequently around DV ( Figures 2C and 2D) . These DR' cells around HEV were in close contact with DR+ T-cells ( Figure 2D ). These and previous findings suggest that not only the homing of lymphocytes through HEV (6) but also activation of T-cells through the interaction with DR+ APC surrounding HEV may play an important role in the histogenesis of chronic inflammatory lesions. Possibly, HEV along with surrounding DR+ APC play a role as a "scaffold'' for lymphocyte accumulation and activation. Subsequently, extranodal LF may develop around HEV in chronic inflammatory lesions. Localization of T-cells within the thickened synovial lining (Figure 4D ) and the increased ratio of DR' T-cells in the lining with severe hyperplasia ( Table 2 ) imply an interrelationship between T-cell infiltration and hyperplasia of the synovial lining. As noted above, synovial cells are considered to be a kind of APC. These may support positive feedback interactions between T-cells and synovial cells. Thus, under inflammatory conditions, synovial cells may produce cytokines such as ILl, which is a supplementary factor of T-cell activation (4,7,21) , and then activate infiltrating T-cells through their APC functions. Subsequently, activated T-cells may induce proliferation of synovial lining cells, resulting in the progression of the hyperplastic change. It is of interest that the culture supernatant of a human T-cell clone, HUT 102, induces a morphological change of synovial cells to an activated form in vitro (19) . Moreover, it has been reported that intra-articular injection of an arthritogenic factor(s) derived from T-cells in rats with Type I1 collagen arthritis induces the hyperplastic change of synovial cells (2).
In conclusion, by applying an improved method of K I F to rheumatoid synovitis, we have demonstrated the presence of DR' activated T-cells in the rheumatoid synovium. These T-cells were observed to be in contact with DR+ cells of macrophage-dendritic cell lineage in the synovial stroma, in synovial cells of the thickened lining, and in B-lymphocytes in LF. The localization of activated T-cells around HEV and the synovial lining suggests that activated T-cells, in interaction with DR+ APC, participate in the histogenesis of chronic inflammatory lesions such as the formation of extranodal LF and thickening of the synovial lining.
